FTD  -Tn(Rq) T-naR^-7R 


EDITED  TRANSLATION 


FTD-ID ( RS)T- 885-78  21  June  1978 

MICROFICHE  NR:  jt>'C  (JCOSoJ 

SUPERSONIC  FLOW  PAST  TWO  INTERSECTING  AND 
TWO  PARALLEL  WINGS 

By:  N.  F.  Vorob'yev 

English  pages:  23 

Source:  Izvestiya  Sibirskogo  Otdeleniya 

/'kademii  Nauk  SSR,  Seriya  Tekhnicheskikh 
Nauk , nr  2,  1969,  pp.  3-13 


THIS  T#*NSl  » r ' • * ’l" 

NAt.  FOREIGN  Tf  XV  >•  * «'  " '•  ' Tlf  »■>.  OR 

EDITORIAL  COuuEnT  S'AIEMFNV  « THEORIES 
ADVOCATED  OP  inPL  f D ARE  THC'f  or  TMf  SOURCE 
ANOOO  HOT  NECESSARILY  REE  CCT  T F POSITION 
OR  OPINION  OF  THE  FOREIGN  TTCHNOlOGT  DI- 
VISION, 


PREPARED  RT 

TRANSL  ATION  OIVISIGn 
FOREIGN  TECHNOLOGY  DIVISION 
WP.AFR  OHIO 


pj[)  -ID  ( RS ) T-0885-78 


Date  21  June  19  78 


□ □ 


u.  s 

i.  BOARD  ON  GEOGRAPHIC 

NAMES  TRANSLITERATION  SYSTEM 

Block  Italic 

Transliteration  Block 

Italic 

Transliteration 

A a 

A 

a 

A, 

a 

P 

P 

P 

P 

R,  r 

6 b 

B 

6 

B, 

b 

C 

C 

C 

c 

c*  _ 

o , S 

D B 

B 

• 

v, 

V 

T 

T 

T 

m 

T,  t 

r r 

r 

t 

G 

y 

y 

y 

y 

U , u 

A A 

a 

d 

D, 

d 

4> 

0 

* 

F,  f 

E e 

E 

4 

Ye 

, y<-s  n > 

e* 

X 

X 

X 

X 

Kh , k h 

to  w 

m 

OK 

Zh 

, sh 

LI 

U 

u 

Ts , ts 

3 3 

3 

» 

u y 

£ 

H 

H 

V 

V 

Ch , ch 

M H 

H 

U 

i. 

i 

Lli 

iii 

w 

u 

Sh,  sh 

H 

R 

a 

Y, 

y 

u 

IM 

m 

“f 

Shch,  shch 

H K 

K 

K 

K, 

k 

b 

b 

h 

% 

If 

>1  n 

n 

A 

L, 

1 

hi 

bi 

u 

y 

Y,  y 

1 1 . 1 

M 

M 

M, 

m 

t> 

b 

b 

k 

H H 

H 

H 

N, 

n 

3 

3 

3 

$ 

E,  e 

□ 0 

0 

0 

o. 

o 

hJ 

fO 

K> 

to 

Yu,  yu 

n n 

n 

n 

P, 

P 

ft 

R 

X 

Ya,  ya 

*ye 

When 

init ially , 
written  as 

after 
e in 

vowels , 
Russian 

and  after  u,  b 
, transliterate 

> £ 
as 

elsewhere . 
ye  or  e . 

RUSSIAN  AND  ENGLISH  TRIGONOMETRIC  FUNCTIONS 


Russian 

English 

Russian 

English 

Russian 

English 

sin 

sin 

sh 

sinh 

arc 

sh 

sinh-^ 

cos 

cos 

ch 

cosh 

arc 

ch 

cosh-. 

tg 

tan 

th 

tanh 

arc 

th 

tanh-. 

Ctg 

cot 

cth 

coth 

arc 

cth 

coth-. 

sec 

sec 

sch 

sech 

arc 

sch 

sech- 

cosec 

CSC 

csch 

csch 

arc 

csch 

csch- 

Russian 

English 

rot 

curl 

lg 

log 

ICC  - C «a  5 


F AG  fc 


1 


Cfc  E 5 


SUFfchSCNiC  FLOW  PAST  TwC  I NT  t iiS  EOT  J NG  AND  IkC  FAKALLEL  WINGS 

N.  F.  Veto  I ' y e v 

Heie  wo  investiyate  a supersonic  yas  tlcw  in  a dihedral  anyle 
tcin«d  Ly  tht  intersectiny  suLtaces  ct  winys  ard  a How  between 
yarallel  wtn^s.  Tht  surface  ot  the  wirys  is  sliyhtly  camoeted,  and  at 
t dc  I feint  the  tangent  glares'  Ictn  a snail  angle  with  the  velocity  of 
the  ence rainy  flow.  List ul 1 a net s which  aie  iitrccuced  into  the  tlcw  l> 
these  surfaces  ate  small,  aid  it  is  assumed  that  the  tlow  is 
jctential  and  that  the  jctential  c i the  velocities  oi  tue  disturbance 
satisfy  the  wave  equation.  The  tlcw  fast  the  surfaces  is  studied 
withic  the  framework  oi  tte  theory  ei  a thii  wiry,  where  the 
corditicns  on  the  surface  cl  the  winys  are  transferred  to  planes 
which  ate  parallel  to  tie  velocity  ct  the  ciccminy  tlow.  For  each  oi 
the  hinys  this  plane1  is  selected  such  tlat  the  distances  uetween  it 
are  snail.  The  Volte  Ltd  set  bed  ct  integrating  the  wave  equation  is 
used  tc  solve  the*  pioblen- 
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t c l i ntttscct  iri'j  w i n >j  £ he  exaiice  tut  case  wnere  tne  leading 
edqes  cf  Loth  winqs  d re  tujtiici.ic  ard  then  the  tips  ot  tht>  wirnjs  do 
ret  influence  the  reqicn  ct  mutual  effect.  lei  parallel  wrnqs  he  a bo 
cl  tain  a solution  ter  tie  case  who  it  ere  ct  the  kin>;  tips  does 
influence  the  zone  cl  mutual  effect. 

1MU-SH.T1  NG  WINGS 

fiction  is  examined  in  a left-hand  systeu  ct  rectanqulaL 
Caitosian  coordinates  which  move  with  tie  winq.  The  direction  ct  axis 
cx  coincides  with  the  dneoticr  ct  the  velocity  ot  the  oucominy  flow. 
The  diiection  ol  the  ottei  axes  is  selected  such  that  tne  plane  I,, 
ente  which  the  Lounaaiy  ccncitions  ct  c r.e  winy  lave  teen  transferred 
eclrcides  with  the  [lane  xcz.  The  aralcqous  plane  ot  the  other  w i n q 
in  this  case  constitrtes  with  plane  xoz  the  anqlo  y . The  oriqin  ot 
the  cco ruinates  is  selected  at  the  pcirt  ct  ioteisection  ot  the 
leacinc  tdqes  ot  the  wirqs.  heie  axis  cx  ccincides  with  the  line 
which  intersects  the  planes  onto  wlicl  the'  tcurcary  conditions  have 
teen  extended  (friq.  1)  . 

The  velocity  potential  is  icpLesented  in  the  torn  of 

<!>(*.  y.  z)  Ux  ¥<{(x,  y.  z). 


The  potential  ot  velocitties  * ct  disturbec  action  satisfy  wave 
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The  condition  cl  ncn^ent-tidticu  ct  the  lick  cute  the  uuiuce  ot  th< 
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kith  accuracy  to  m it hiu  saali  valuer  ot  th«  steenJ  order  can  be 
kt i 1 1 € r in  the  1 oi  u o t 


•*  f / # 
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khete  the  operator 


cos  [>i,  v)  cos  \n,  ''  cos  («,  jr) 
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is  d ccnortul  derivative. 


Iho  ccnoriiidl  derivatives  on  tie  kin^  V (/  = I,  VI  eitn  an  accuiac) 
tc  kithin  stall  values  u tie  secctd  cider  take  the  tore  ot 


it  r _ <♦  t •>  f i 

rtA i It,  <*v  lr.  ii*  a^Jv, 
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Cn  the  uiducttuatic  surtace  which  jesses  through  ttic  leaning 
ed;tb  ci  the  w i ruj 

<f-(x.  y.  a>-0  (4) 

it  is  convenient  tc  iuticauce  vaiicUis 

X = X,  I if  i , y v,.  r st, 

and,  u:  y:lacc  ol  o^uat  icii  Jl)  tot  the  velocity  jetentui,  obtain  the 
icllcwinj  equation 

l-h)  - l ! - o,  (5) 

•'*,  tly'  ill' 

whese  c hatact  e t ist  ic  certs  have  a iivjht  anqle  at  the  tip  and  whose 
cccctaals  coincide  in  dirteticn  with  tic  suilacts  tangent  to  then. 

1 he  t o i ui  in  which  the  boundary  ccnciticns  ate  written  m t K i.tw 
variables  is  preserved.  Hercctcith  irdex  1 lr  the  variables  is 
diet  ted. 

Velocity  potential  4 at  joint  KJx,  y,  a),  which  li«s  within  t h* 
reyico  ct  the  disturbance,  is  dettiiircd  by  the  Volterra  tornula  [1, 


lu  kc  tic  n v i.i  the  1 u mill  m n t <s  1 Volttita  luncticc  cl  point  .1  ( x , y , 2): 


. J,  i#  J 


)t  triiir.:;  khiefc  contain  turctixn  * [1-J]  c<*n  fc*  <*«chuiio 
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fcca  tit  l i vj  it  side  of  tcml<i  (b)  . in  the  uixtdi  case  lr  # ■yi’) 
ter  ws  containing  * are  r.ct  aiiu.it  d,  and  the  ptetiem  reduces  to 
sclvit-j  an  inte^ru  differential  equation  cl  tht  second  type. 

1.  The?  process  ot  eliminating  functicr.  * from  the  ri<jht  side'  cl 
tcrnula  (o)  when  j - »/n(n  = 1#  lm  3 ...  ) as  illustrated  usim}  an 
exdaplk  where  tne  anyle  Ittween  pldr.es  I.  and  12,  to  which  the 
ccndrticns  cii  intersecting  winys  has  Lten  extended  is  y = »/2m  he 
select  planes  xoz  and  xcy  as  the  planes  Ii  arc  I*,  respectively. 

The  char  actor  ist  ic  tort  l\  with  its  tit  dt  point  -y,  z)  , 

syasettical  to  point  fljx,  y#  z)  relative  tc  plane  Si,  will  have  total 
volume  i,  with  studied  reyicn  r within  the  cihedral  anyie.  Velum  r, 
is  bounded  by  the  surfaces  ct  the  winys,  tit  surface  of  tne 
character ist  ic  cone  I',  ar.d  part  ci  the  leading  character ist rc  ot 
surtace  a.  wthin  volume  rit  into  which  the  axis  cr  the  cna tacter ist n: 
cere  with  its  tip  at  point  fl  dees  net  entci,  the  use  ot  dauss*  {<>) 
tctxula  lives  us  the  dependence 

i - 0,  (9 ) 

where  v,  is  the  fundamental  luncticn  cf  pcirt  «i(x,  -y,  a).  Area  Stl 
coincides  with  area  Slf  which  is  cut  cut  ty  cent  l'  on  plane  xoz, 
while  S21  ieiresents  part  cl  the  plane  xoy  cut  cut  ty  cone  i'i  (Fiq. 


I 


Analogously  t ct  point  P*tx,  y,  -2),  wtich  is  syin^tLical  tc 
{ciut  ru,  y,  z)  relative  tc  plane  1,.  char  zct « list  ic  cone  r,  nil 
have  total  volume  ri  with  vtluxe  r,  and  thf  tcllowin^  dependence  cai. 
U cttamed; 


i*  A ' 


where  is  the  fundamental  turcticu  ct  pcir.t  n,(x,  y,  -z)  . Area 
coincides  with  area  which  is  cut  cut  by  ccce  I'  on  plane  xoy, 
while  represents  yait  ct  the  j lare  xoz,  cit  out  by  cone  ft. 


her  point  Kj(x,  -y,  -z),  which  is  syiietrical  to  point  f,  (x,  -v 
*)  in  relaticn  to  plane  and  pcirt  P^x,  >,  -2)  relative  to  piano 
— cnaiactoi istic  cone  V..  will  have  a total  volume  vith  volume  r, 
and  the  tollceinj  dependence  can  It  cltainec: 


. 1 l i/s  0. 
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where  Vj  is  the  tundanentel  tuncticn  ct  S,|>#  -y,  -2).  Area  Sj 3 
coincides  with  area  Sj^,  which  is  cut  cut  ty  cone  I;  on  plane  Hi, 
uhile  ana  coincides  with  area  SJ1#  cut  cut  ty  cone  l'i  on  plane 


CCc  = Crib* 
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Cc  normal  deri  vat  i ves  « V on  planes  V (/.  (.2),  parallel  to  axi 

ci#  hav*  the  following  tcri: 


a/v  t 
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kh€Le  k,  = 0,  ana  in  the  case  vnerc  ) = »/i,  j/i*. 


Ity  ’ll  ♦ > 1 1 i«  — *)■  it » .,h  ♦ * >| 


tica  formulas  (7)  ano  (11)  it  is  apparent  that  when  point.  S lit 
cit  (lane  , then  the  ccrc  caul  derivative  ci  function  v on  this  , lari' 


utcLti  to  zero. 


Fcl  point  fit,  [X |,  v„  ■r.i.  which  is  syaiet l ic al  tc  point  fl(x,  y,  z) 
relative  tc  plane  V.  cc  plane  V itself,  according  to  (7)  and  (11) 
we  have  the  relationship 

t\<  - X-|  , **'  ; - J5’  I , 

*•  *•  <».vh4  .#m»4  (il) 

■ here  v,  is  the  fundanental  Vclttrid  function,  corresponding  tc  point 
M,  (x„  y„  z,). 

On  surface  V(V,  when  t = ,/!),  where  n * 0,  (;  = 0),  according 
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tc  tciiulas  (3)  d/dN  (d/d\'  — d/d£)  ana,  on  the  strength  at  the 

^ccftities  ct  (U)  cl  the  f CLdaiental  ftncticn,  Mill  have 


0|  — V, 

1)0  <>v_  _ _ </c,  I du,  id*  dr,  dr,  \ 

d » a f i/ 1 \ J;  </.'<#;  d ; / ( ^ ^ ) 


dt», 

d r, 


Tc  the  riyht  iliac  cf  fcrnula  i6)  we  ace  cieutor>  — of  the 

2 * tix 

left  sides  ol  eijaations  CO#  (1C),  arc  111)  ace*  consiaeimg 
le  lat  l cn  sli  i ( (14),  Me  yet 


f (*.  y. 


(15) 


Alter  differentiating  with  respect  tc  x ever  the  riyht  side  cf 
eyuaticn  (11)  (terms  ccrtairiny  derivatives  kith  respect  to  x from 
variable  integration  lints,  all  Lewert  tc  me),  we  yet  the  value 
fet  the  potential  at  ^cint  f,  Miiich  lies  w i 1 1.  i r the  dihedral  ar.yle  j 
* v/2: 
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2m  Tne  angle  between  planes  I",  and  £2,  tc  which  the  conditions  on 
the  wings  art  extended,  is  y ^ w/n. 

Jt  point  K (x,  y,  z)  lies  cn  plane  V.  thee  the  axis  of  the 
characteristic  cone,  where  luncticr.  v freaks,  lies  entirely  within 
the  plane  V.  Formula  (S)  can  Le  used  if  we  eliiinate  tne  axis  ot  thc- 
ccne  [1]  from  region  r.  In  place  of  a vclunt  hounded  by  surfaces 
! + o+T,let  us  examine  a vclune  tcunceG  ly  surfaces  V -| o p I"  ~|  C,n,  where 
C,n  is  the  surface  cf  half  ct  a cylinder  of  radius  whose  axis 
ccincides  with  the  axis  cf  characteristic  ccne  I';  P - surface  cf 
half-ccne  with  apex  at  point  F. , clcse  tc  surface  of  characteristic 
cere  1' 


Take  into  con sider at ic n the  tact  that  cn  the  leading  pcrticr.  cl 
the  char acteristic  surface  e runcticrs  <t  ara  dip /dN,  are  equal  to  zero 
and  cn  surface  where  the  axis  of  tie  characteristic  cone  has  been 

mmi 

eliminated,  according  tc  Jli),  the  ccncrinal  derivative  is  equal 

o N 1*^ 

tc  zero.  Then,  in  the  case  cf  passace  tc  the  liiit  with  subsequent 
differentiation  with  respect  to  x,  frci  egucticr  (6)  we  derive  the 

fcrauld  for  the  velocity  potential  at  point  f , which  lies  on  plane 

V : 
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where  A',  (.S’,)  is  the  part  ci  plane  V.jV),  whici  is  cut  cut  Ly  t ho 
chaLdCtu  ist  ic  cone  I’  wfccse  apex  is  at  point  B.  Formula  (17) 
expresses  the  function  q>  cn  plane  V in  tens  ci  known  functions 
<k|/dA/  cn  planes  V(  and  V ana  in  tens  cl  tic  unknown  iuncticn  t cn 
plane  V In  the  general  case  cr  y * »/r  we  must  si mul taneousl y study 
a system  ot  two  in  tegr  o d i 1 1 er  e nt  l a 1 equatiers  cl  the  second  type  oi 


mj- 


ln  the  cast  ol  0 c y < »,  tcuula  (1  7>  car  te  converted  into  a 
form  in  which  the  tight  side  will  certain  tie  value  ot  the  potential 
* cr  plane  V(.  while  the  term  which  ccntairs  tucction  * cn  [lane  V 
is  eliminated.  Pol  this  we  select  pcint  M,,  which  is  sy.i  no  t t tea  1 tc 
pcict  Alii,  in  relation  tc  plane  ^]y-  Fci  pciit  Mt  our  plots  are 
analogous  to  those  attained  aheve  in  tit  cast  cl  j = ir/J  fci  the 
eliaination  cl  tunction  v c r.  corresponding  plares,  and,  considering 
the  properties  ot  (1J)  ct  the  c har aett t iat ic  functions  Loom  formula 
1 1 7 ) , we  get  the  formula 
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OS 
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(Id) 


where  .S(y  is  that  part  cl  the  wing  plane  ^(.  which  is  cut  out  by  the 


characteristic  cone  , whctc  jh  » is  at  ^tint  M,.  while 
characteristic  Voltsrra  tuccticr  cl  icint  'I  . 


in  tlit’  til  at  three  tin:  c L tit  tides*  in  formula  (Id) 

<Jii  It  icntidt  len  with  lesject  tc  x tan  It  )*ilctied  directly.  Hero 
tens  trout  the  di  t 1 et  e n 1 1 a t ien  with  resect  to  the  koundaties  cl  the 
Lttjicn,  which  depend  or  >,  icvcit  tc  zf  to.  in  the  last  term  ot  the 
traces  he  must  first  integrate  in  (dits  witl  respects  to  variable  t 
and  then  perform  the  ounticn  ot  d i i f c ten t j a t ic n with  reject  tc  x. 


where  l— ^i(w)  ia  the  e .)  u d t i c r ot  the  leading  edyc  of  the  win.)  £(; 

2 1 | x ) id  the  coordinate  ct  the  fc  i r t cl  intersection  ot  the  leadin') 
edvjo  ot  the  win<^  £,  with  hj|ntolf  |x  - t)  * tiJZ,  C)  * d,  where 


Etc  = CdriG 
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i^U^t  /,(Z,U-T 
fci  point  M which  li€5  cn  turlace  2t,  tcraula  (18)  takes  the 
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whdLe  £ »!’,(;)  is  the  equation  1cl  the  picjecticr.  ot  the  leading  ed*je 
cl  the  win>j  Ii  ente  plare  xcz,  and  z2(x)  - the  ccocditutt)  ot  th* 
i e te  t see  ticn  point  ct  tit  leading  euye  ct  tie  winj  I',  witn  hypotbol* 
(x  - (.)  - t,(z,  £ ) = 0,  w h e t e 

i*»^)  i'  *'•'(/  » ;>)  i (j  . c>\ 

Equations  (19  and  (<C)  ceprese  r.t  l rt e c tod i 1 leient  ial  equations 
cl  the  sane  type  and  car  Lc  solved  t>  thu  xtthed  o£  successive 
d p p to  x a ua  t ion  s.  Here,  when  <p>  is  tcund  teex  the  preceding 
ap  p rox  l mat  ion,  we  must  integrate  ir  (aits  with  lespect  to  the 
vaiiatle  contained  in  the  irteytanc  with  x letcie  goin*j  cn  to  the 


opt  l it  1 1 c ii  cl  ditterentiatini  with  inspect  tc  x. 


'w'» 

trciauia  fly}#  obtained  tor  a point  lyitfj  c t surface  car  alio 

to  conveniently  used  when  y - >/n.  let  exapit,  in  the  case  ct  y = w/u 
tci  point  /Vf/i,  symmetrical  to  point  Mj  in  relation  to  plane  V(»  ana 

tci  point  Mm,  sym  net  r ica  1 to  joint  My  i relative  to  plaue  ^ (point 

Mm  lies  in  plane  V().  cut  plots  ere  anacycus  tc  these  descuted 

toi  the  case  ot  y - »/X  ter  a point  withir.  the  cihedral  aipyle.  Taking 

into  account  the  properties  ot  (13)  ct  the  char ac tec  is tic  functions 
atu  the  equality  to  zuio  on  plane  V ct  coronal  derivative  ^ ^ * 


which  emerges  now  locatla  |1*)»  where  t>y(y  is  the  characteristic 
Vcltet  La  function  ct  point  Wy/y.  toraula  (16)  car  he  transform'd  into 
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where  S„  St,  S,j  are  oetetaiotd  in  fcraulas  |17)  and  (16);  Sjji  [S,m)  - the 
area  ct  plane  cut  out  ty  characteristic  cone  1^(1  ’y//)  whose  tit 

is  at  pcint  At/(  (At/,/ 1;  here  r%  L <y*  - t (»*  — 0*.  where  index  K corr esponds 
tc  the  index  ot  points  At,  Atf,  /M«,  A/y(y,  » i,  C lepnsent  t ho  cunert 

cccidir.dtes  on  the  cor r e spe rdi ny  plate  cn  which  the  integration  is 
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HtU'  we  uxdiac  two  ill  loht.  ly  contend  wings  at  snail  a ng  le  : cl 
attack  to  the  velocity  ct  the  encoding  lion,  lit  conditions  cn  t h* 
suit  act  at  the  wings,  os  is  stand  a id  practice  ic  the  thin-wng  theory, 
ace  extended  to  the  planes  L’,  and  I,,  which  ate  selected  such  that 
the  velocity  cl  the  onctnirc  flew  lies  within  the^e  planes  and  the 
distances  between  the  (tints  cn  the  surface  cl  each  ol  the  wings  and 
the  corresponding  (lane  ate  stall. 

The  distance  tetween  plants  I,  and  i equals  h.  The  leading 
edge:  cl  both  wings  are  supersonic,  and  one  win,  is  only  slightly 
staggered  in  relation  tc  the  other,  sc  that  the  cnat  actenst  ic 
surtace  which  emerges  Iren  the  leading  edge  ct  cne  wing  intersects 
the  surface  ct  the  cthei  wirg. 

Ac  plane  xo  l we  use  the  (lane  1,.  c nt  o which  the  condition:  on 
the  ii(  [t-i  wing  aie  extended.  Axis  cx  is  directed  along  the  tlcw,  cy  * 
upward,  while  cz  is  directed  to  the  right,  it  ere  is  facing  the 
direction  cjiosite  axis  cx;  The  study  is  dcie  ir  a defoiand  system  ol 
coordinates,  where  the  velocity  potential  satisfies  equation  (r)  and 
the  characteristic  cnos  hive  a right  acgle  *t  the  apex. 

tin  velocity  potential  in  the  legicn  between  the  wings. 


CCt  * l rid 5 
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determined  by  the  V clteiid  tcrauia,  can  be  represented  in  the  term  el 
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were  SjlJ,)  is  the  area  cr  the  wing  which  is  cut  out  by  con* 

T kith  the  apex  at  point  M(x,  y,  x). 


In  the  studied  case  ct  parallel  wirg  diiaraiont  it  is  possible 
ty  selecting  points  syooetucal  tc  ptint  fl  in  relation  to  planes 
and  >J..,  and  a corresponding  selection  ct  the  fundamental  tuncticns,  to 
eliminate  troa  tne  ngnt  sice  or  equation  («  1)  values  oi  tuncticn 
bhich  ate  not  assigned  cn  surlaces  ^ • The  procedure  ot  eliminating 
# values  troa  the  tight  tide  ct  egcaticn  (il)  depends  on  the  n umbel 
ct  ittlecticns  ct  the  leacirg  characteristic  ct  tae  surface  troro  the 
turtace  ot  the  wings. 


fer  point  d (x , y,  t)  ct  regicr.  V00,  located  downstream  treir  the 
leading  characteristic  surtaces  ot  loth  wings  ard  in  tront  ot  the 
surtaces  ot  then  tirst  retlecticr.  laiea  Cj/,cat,  - section  ot  region 
V00  with  plane  £ = z,  fig.  i)  , we  select  pcirts  B11  and  11,  x , which 
ate  symmetrical  to  point  n ct  planes  I,  and  £„  respectively. 
Characteristic  cone  r,(l’2)  , whose  tip  is  at  pciat  cuts  cut 

cn  the  wing  surtace  regicr.  £,(£,),  which  coincides  with  region 

which  is  cut  out  ty  cone  T , whose  rpex  is  at  point  M cn  the 
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Nitnj  Iho  t undo*  * nt  a 1 Vciteiu  tuncticns  toi  joints  *1  a rd 

RiaiMji)  coincide  cii  witg  while  the  ccrciaal  decivativts  ot 

the  luruanental  tuncticrs  ate  ailtcccnt  m s.  i^r  (lot  aula  ( 1 J) ) . At  t «•  t 
teitoraiisj  oieiaticns  aiu  Ic^uu.s  to  tics*.  desctiteJ  aLove  in  th*  un> 
c t int  e loca  in*j  we  cl  tain  tit  feint  f,  which  lies  in  the 

tevji*  i Vll0,  a expressicr  tci  the  velocity  ictectial  in  the  tot*  ot 
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Fo  t jicmt  fl  ot  toiler  \|0,  which  lies  tehisd  the  caar  acte>  t i s t i «. 
futtac*  collected  L t on  win*j  ill  ano  Icicle  tie  c t at  octet  ist  to  suitaco 
le fleeted  tie®  wiiuj  l?  (atea  A|C?A  - sectici  ct  to^ion  V lo  nth  j la  no 
i - /.)  , the'  [tocodute  ot  so  looting  the  oynietiical  paints  should  ho 
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the  next  sta<je  we  select  icint  which  it  s y i net  t ica  1 to  point  .'l , t 

in  celation  to  win-j  E*.  Cn  win^  Ls  the  cone  which  emerges  tie®  v,... 
cuts  cut  an  uiea  e^ual  tc  atea  S#1#  cut  out  ly  cene  P which  eirer*j*'s 
itc®  ci ut  n,,„  On  i lane  1';  the  ttinOcK  ctal  Vcltena  tuncticns  ct 
points  n..,  and  Mtl  coincide,  while  the  Mvjr  cl  then  concrnal 
deiivatives  is  difteient.  It  we  use  tcnula  (t>),  then  tio®  the  iioht 
side  ct  tot  aula  (*!1)  w<  can  ell, innate  tel  as  which  contain  the'  value 
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ct  tunction  * ar.d  write  the  potential  at  fCiiit  ff,  which  lift  withii 
the  zciif  ot  the  tiist  reflection  ct  the  leacing  ckdiActoci stic 
iuitdCt  item  the  wing  in  tt  t loi»  ci 
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v€te  v,,  is  the  tu  nda  me  r:  t a 1 Vclteiia  function  let  point  , 


the  ^ioc«s.s  ot  oliairating  turctur  t net  the  light  side  ot  the 
Vo  It  ei  ia  formula  toi  mcicqs  lying  within  tt»  *<ne  cl  single 
infliction  ot  the  leading  c hai  act  e i ist  ics  cl  th*  sut  lace  is 
dfidiC^CC  S« 

CdlculJton  of  the  velccity  potential  ty  tcmiulas  (.:  2)  and  (*3), 
wher  the  value  is  kncwi  evtiywheie,  c<r  ie  cone  tot  wings  cl 

i n 1 1 n 1 1 e s p a n o t f c i wires  * h o £ t lidding  ode’s  a i o entirely 
suft  i sc  rue. 

Let  us  examine  the  case  where  in  the  legion  ot  mutual  wing 
influence'  the  tip>  street  cl  cne  ct  the  king*  - Hi,  let  us  say  - is 
noticeable.  Here,  tc  shift  the  scluticn  ot  the  pioblea  to  the  case  ct 
entirely  supersonic  edges  me  rust  knew  the  velocity  component 
everywhere  on  p>lane  »p-0.  In  hig.  h the  dashed  line  A*  u*  C*  C' 


designates  that  portion  ct  the  p.  lar,  c ,|~o.  wlich  includes  wing  1, 
itselt  and  the  zone  ot  influence  ot  the  tipi  cl  tnis  wing.  Line  A1A1 
is  tiio  line  cl  intersection  ot  p>lare  ti~0  wth  the  leading 
chaiactenstic  cl  the  suitace  cl  tic  lcwer  king  I,.  On  the  part  ot 
plane  »i  — 0.  which  lies  i i:  lccnt  ct  line  A(Aa  (it  we  ace  looking  m the 
ditto ticn  ot  the  tlcw),  the  value  ct  it  ktewn:  In  tegicn 

A*  C IK  A , ( » a)  it  eg  u a Is  me,  while  ic  tcgici  tkh  («,)  lot  the  value 

ct  we  ace  familiar  with  the  irversicn  formula  ot  (.4],  tcom 

which  tt  is  determined  outside  ct  the  wing  in  the  case  ot  an  isolated 
wirg  <Mg.  r>) . In  taut  pa  it  oi  pi  are  which  lies  beyond  line  A,  A, 

outside  the  zone  ot  tip  irfluence  ct  wieg  I,,  region  A^TC*  (t^), 
value  <Vh|  is  a known  function,  calculatcc  ly  the  known  field  ct 
isolated  wing  In  the  regaining  { ci  t ion  ct  (lane  u (V  which  hies 

tehind  line  A1At>  region  K H h T (o)  , value  ihl/,lh  0 is  subject  to 
detiniticn.  Io  detec  mine  6 in  icgicu  o we  Itcir.  Ly  writing  the  values 
ct  the  potential  in  the  VclteiLa  tem  let  {tint  fl,  which  lies  in 
L«gicn  « ot  plane  \\  0.  In  the  Vclterra  fotsula  tne  integcal  ftcti 

ten  ? with  respect  tc  ttc  aiea  cut  cut  ly  the  characteristic 

0 1 

ccce,  those  apex  is  at  point  ft  on  plant  n 0.  where  point  ft  itselt 
lies.,  leverts  tc  1010  accciding  to  formula  (1«).  1,1  the  formula  toi 
the  velocity  potential  tic  intcgtal  ter  the  area  lying  in  plane  n»0. 

()  o 

alert  remains  fiom  term  . The  velocity  pctcctial  at  point  ft, 

which  lies  in  the  region  • cn  the  upper  sice  ct  plane  u 0,  car, 
according  tc  formula  (11)  arc  (1z),  tc  represented  in  the  toim  ot 
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khtiy  tlf  « , , and  a tiu  the  i jLts  cl  wir*  regions  • ,« if  and  a 

tesj-tctivoly,  aesct  ibed  at-cvc  anc  tailing  withir  the  chauctoi  ustic 
cent,  wnose  djH'X  is  at  joint  tl|*,  C#  z).  Iht  [Ctential  at  the  saire 
lent  H,  which  lies  on  tht  Jewel  suit  cl  plane  'I”11  .according  to 
icnuljt  (I7)  and  ( 1_)  * cai)  l*-  rep  inserted  an  tht  ton  ot 
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whtie  Sj  id  the  tegion  cn  winy  l*.  cut  cut  1,  characteristic  cone  I', 
these  apex  id  at  point  f . Cent  p,,  fees  pciit  tj|x,  -2h,  i)  , which  l 
syxwetiical  to  point  M(»,  C,  z)  relative  tc  th«  plane  ot  winy 
-■••(’I  * — ^i<).  outs  out  region  1;,  which  ccincices  with  the  region  cut 
cut  ccne  l , on  winy  ->•  . Few  let  us  lcoi  ct  the  case  wnoie  point  r 
cr  winy  2i  is  Found  in  the  interval  ct  A4  A el  a single  Let  lection  ot 
the  leading  character istics  (Fiy.  3)  arc  ccit  r,  does  not  in  tot  sect 
wiry  2,  by  usiny  relationship  (8)  let  volute  which  is  comcn  tc 

characteristic  cones  T and  r»,  we  tianslori,  as  above,  toraula  (i5) 
intc  the  fell#  ot 


«,  ♦ «i 

»,  - h t 1 

Considering  the  tact  that  in  i«qicc  a f (a,  <>_.  ?i  - (t.  u.,  and 
n. --  |t-  vhiic  in  regions  I o af  I I t*  '''  I trcff 

I r>  I \ " I >>  >,  J,  - IU 

equations  (*h)  and  [Zb),  alter  ail  1 e re  o ti  a t i ng  with  respect  to  x,  w 
get  equation 
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sheie  1 (x,  z)  is  a Known  lurction. 

Equation  (Z~!)  represents  an  integral  feiterra  equation  ci  the 
lirtt  t ype. 


9taL  it  point  M lies  within  the  regen  cl  Kll  |Eig.  5),  then  region  , 
will  be  a right-angled  isosceles  triangle  with  the  apex  at  pcirt  (x, 
z)  and  the  base  on  line  KH,  i.e.,  equation  |<7)  is  the  A te 1 equatici 
whose  inversion  is  knewt  [5],  Alter  the  valie  t is  determined  in 
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